Purpose The purpose of this study was to compare effects of two biostimulating substances (compost and bird droppings) on the proliferation of microorganisms, enzymatic activity, and resistance of spring barley in soil exposed to tebuconazole fungicide. Both biostimulating substances were also assessed for their efficacy in tebuconazole degradation in soil. Materials and methods A pot vegetation experiment was performed with soil belonging to the Eutric Cambisols to test the effect of tebuconazole on the biological activity of soil. Its adverse effect on the biological properties of soil was minimized through the use of biostimulating substances (compost and bird droppings), the effect of which was expressed with the IF C/BD index. The RCh index was used to determine the effect of tebuconazole on the proliferation of soil microorganisms and enzymes, the BA 21 index was used to express soil fertility based on the activity of soil enzymes, whereas the RS index-to express the resistance of spring barley to the administered doses of tebuconazole. Finally, analyses were conducted to determine the efficacy of soil amendment with biostimulating substances in tebuconazole degradation. Results and discussion Study results demonstrate that tebuconazole caused significant changes in the proliferation of the tested groups of microorganisms, in the activity of soil enzymes, and in spring barley yield. It was especially noticeable in pots in which the soil was exposed to its highest dose, i.e., 2.499 mg kg −1
Introduction
The use of fungicides is a common practice in plant protection against fungal pathogens. As reported by Muñoz-Leoz et al. (2011) and Ye et al. (2018) , only a few of these preparations fulfill their task, whereas the others penetrate to the environment and may pose a threat to the organisms other than fungi.
Some fungicides may remain in the environment for a long time and therefore might be detected in the soil, bottom deposits as well as in surface and underground waters (Fang et al. 2016; Wang et al. 2017 ). However, the soil which has a direct contact with fungicides is the most exposed to their adverse effects. By pervading to soil, these preparations pose a threat to soil ecology and health status. They may disrupt the stability of soil ecosystem by, among other things, modifying the activity and structure of microorganisms, as well as the course of biochemical processes in the soil. This in turn has a huge impact on soil health and, consequently, on its proper functioning (Wang et al. 2016) . Soil-colonizing microorganisms are responsible for the formation of soil humus and take part in biogeochemical cycles and in soil structure formation. Therefore, understanding the effect of fungicides on soil microbiome is an important issue in risk assessment upon their use. It is, however, difficult to predict a relationship between the chemical structure of a fungicide and its effect on the activity of soil microorganisms and enzymes. Some fungicides may stimulate the growth and development of microorganisms, while others may inhibit them (Lo 2010) .
Tebuconazole is one of the most commonly used fungicides worldwide. It belongs to a group of triazole compounds which inhibit ergoesterol (an important constituent of the cellular membrane of fungi) through demethylation at the C-14 level. Considering its stability, mobility, and toxicity, it is claimed to be a hazardous substance (Li et al. 2015) . Its half-life in soil varies and ranges from 49 (Muñoz-Leoz et al. 2011 ) to 610 days (Strickland et al. 2004 ). According to Youness et al. (2018) , it is additionally sparingly biodegradable. Tebuconazole may modify the metabolism of an organism and even cause its death (Strickland et al. 2004; Youness et al. 2018 ). This has been proved by impaired metabolic functions of Daphnia magna or by death of Piaractus mesopotamicus fish after tebuconazole application at a dose of 3.88 mg dm −3 water for 2 days (Sehnem et al. 2010) . Its use in crop protection against fungal diseases may contribute to changes in the population of soil microorganisms. However, some microorganisms, like, e.g., Trichoderma harzianum, T. atroviride (Hatvani et al. 2006) , Pseudomonas fluorescens, P. putida, Enterobacter sakazakii, Serratia sp. (Sehnem et al. 2010) , and S. marcescens, exhibit a vast potential for its degradation in the soil environment (Wang et al. 2018) . The adverse effect of fungicides on the soil ecosystem may be minimized through the improvement of its general condition. This may be achieved by soil supplementation with appropriate microbiome-stimulating substances, like, e.g., compost or manure, which increase contents of nutrients and organic matter as well as improve water and air balance in the soil. They not only provide nutrients to the soil microorganisms but also improve the general condition of plants (D'Hose et al. 2012 ). Due to their high organic matter content and sorption capabilities, they may be used to remediate soil exposed to toxic substances. But even though they are commonly used to improve soil fertility, still little is known on their impact on the biological activity of soil contaminated with fungicides, tebuconazole in particular.
The successively increasing use of pesticides and their accidental penetration to the soil environment may lead to its serious transformations. These changes may be manifested by the impairment of the proper functions of soil ecosystems and by the loss of soil fertility which is largely determined by the soil-dwelling microorganisms (Fang et al. 2016; Bragança et al. 2019) . The available scientific literature still lacks detailed information concerning the problem of risks posed by the use of fungicides and solutions proposed to restore the desired properties of soils degraded by these chemicals. Soil quality can be improved via different operations, one of which is its biostimulation with organic fertilizers (Pimmata et al. 2013 ) that may enhance proliferation of microorganisms exhibiting a high capability for fungicides degradation (Adams et al. 2015) . This manuscript presents results of a study which allowed for estimating changes that had occurred in the soil environment under the effect of tebuconazole and for the evaluation of the efficacy of the biostimulating substances used to restore the stability of the soil environment. The in-depth analysis of the adverse effect of tebuconazole on soil environment required conducting a study which enabled precise evaluation of its impact on soil microbiota, biochemical process, and spring barley growth. It was also essential to undertake appropriate remediation measures which aimed at restoring soil stability through its fertilization with compost and bird droppings. Finally, analyses were carried out to evaluate the efficacy of these fertilizers in tebuconazole degradation in the soil.
Materials and methods

Characteristics of the tested fungicide
A growing pot experiment was conducted with a Helicur 250 EW fungicide, containing tebuconazole as an active substance (250 g dm −3 of agent) and belonging to a group of triazoles. The fungicide is produced by Helm AG company (Germany) and used in doses ranging from 0.75 to 1.0 dm 3 ha −1 . It is a systemic fungicide in the form of a liquid used to prepare a water emulsion for preventive and intervention treatments performed to protect winter wheat, spring barley, winter rape, sugar beet, and cherry. Tebuconazole characteristics are provided in Table 1 . Log P-octanol-water partition coefficient at 20°C; pK a -dissociation constant at 25°C; DT 50 -half time in the soil
Characteristics of soil material
The pot experiment was conducted with typical brown soil, classified in terms of its granulometric composition as loamy sand (WRB 2014) . Soil samples were collected from the topsoil layer at the Experimental Station in Tomaszkowo located in north-eastern Poland (53.7161°N, 20.4167°E) . Their granulometric composition and selected physicochemical properties were determined according to methods described in a work by Borowik et al. (2017) and presented in Table 2 .
Characteristics of biostimulating substances
Two organic biostimulating substances were used in the experiment, namely, compost and bird droppings. 
Design of pot experiment
The experiment was performed in six replications in a greenhouse, in 3.5-dm 3 polyethylene pots each filled with 2.7 kg of air dry soil. The soil used in the experiment was classified as loamy sand having pH KCl 5.6; therefore, on the day of starting the experiment, CaCO 3 was added to the soil in the amount equilibrating the hydrolytic acidity at the level of 1.5 Hh to neutralize it. There were three experimental factors: factor Ifungicide dose (0.000, 0.042, 0.083, 0.125, 1.249, and 2.499 mg kg −1 ), factor II-type of the biostimulating substance (sample without the addition of biostimulating substance, compost in a dose of 10 g kg
, and bird droppings in a dose of 3.71 g kg ), and factor III-term of soil sample collection (days 20, 40, and 60 of the experiment). The dose of biostimulating substances was calculated based on nitrogen content. The following doses of fertilizers were used in the experiment (per pure compound in 1 kg DM of soil): nitrogen in the form of phosphorus in the form of KH 2 PO 4 -44 mg, potassium in the form of KH 2 PO 4 + KCl-100 mg, and magnesium in the form of MgSO 4 ·7H 2 O-25 mg. Fertilization with nitrogen in the form of CO(NH 2 ) 2 and in a dose of 130 mg N kg −1 DM of soil was used exclusively in the control series. The same dose of nitrogen was provided by compost and bird droppings. Once the appropriate doses of the fungicide and the biostimulating substance had been added to the soil, it was thoroughly homogenized and placed in the pots. Next, deionized water was used to bring the soil material to 50% of the capillary volume of water, which was maintained throughout the experiment. The crop used in the experiment was spring barley of 'Orphelia' cultivar. Microbiological and enzymatic analyses were conducted three times in the growing period of barley. On day 40 of the experiment, residues of tebuconazole were determined in soil samples to which Helicur 250 EW fungicide was added in doses of 0.083 mg kg −1 (optimal dose) and 2.499 mg kg −1 (30 times higher doses than the optimal dose), whereas on day 60 of the experiment, analyses were conducted for spring barley yield.
Microbiological and enzymatic analyses of soil samples
Microbiological and biochemical analyses of soil samples were carried out in triplicate in three time points of the experiment, with a 20-day interval (i.e., on days 20, 40, and 60 of the experiment). Counts of organotrophic bacteria, actinobacteria, and fungi were determined with the method of serial dilutions. The composition of microbiological media was as provided in the work by Kucharski et al. (2016) . Activities of enzymes representing oxidoreductases (dehydrogenases, catalase) and hydrolases (urease, acid phosphatase, alkaline phosphatase, β-glucosidase, arylsulfatase) were determined at each time point using the following substrates: dehydrogenases-3% TTC, catalase-3% hydrogen peroxide, urease-10% urea, acid and alkaline phosphatase-disodium 4-nitrophenylphosphate, β-glucosidase-4-nitrophenyl-β-D-glucosidase, and arylsulfatase-potassium 4-nitrophenyl sulfate. Activities of soil enzymes were determined as described by Borowik et al. (2017) . 
Determination of spring barley yield
Twenty-five grains of spring barley were sown into each pot. Once they had sprouted, thinning was performed and 12 plants were left in each pot. Spring barley dry matter yield was determined after plant harvest on day 60, at the end of the heading stage (BBCH 59 developmental stage, completely visible head).
Computations and statistical analysis
Relative changes (RCh) in the counts of microorganisms and in activities of enzymes in the soil exposed to tebuconazole expressed in percentages were computed according to the formula provided by Chaer et al. (2009) :
where T-mean count of microorganisms/enzyme activity in the soil exposed to tebuconazole and C-mean count of microorganisms/enzyme activity in the control soil. The determined activities of soil enzymes allowed computing the biochemical index of soil quality (BA 21 ) according to the formula proposes by Wyszkowska et al. (2013a) :
where Deh-activity of dehydrogenases (μmol TFF kg
), Pac-activity of acid phosphatase (mmol PNP kg
), Pal-activity of alkaline phosphatase (mmol PNP kg
), and Aryl-activity of arylsulfatase (mmol PNP kg
). The index of the effect of biostimulating substances (IF C/BD ) on the proliferation of microorganisms and on the activity of soil enzymes was calculated using the formula provided in a work by Kaczyńska et al. (2015) :
where C-compost, BD-bird droppings, A C/BD -count of microorganisms/enzyme activity in the soil with the addition o f b i o s t i m u l at i n g s u b s t a n c e s , a n d A -c o u n t o f microorganisms/enzyme activity in the soil without the addition of biostimulating substances. The index of spring barley resistance (RS) to tebuconazole was computed according to the formula described by Orwin and Wardle (2004) :
where D 0 -difference between the control soil sample (C 0 ) and the soil sample exposed to tebuconazole (P 0 ). Values of the RS index range from − 1 to 1. When they fall between − 1 and 0, they are indicative of the negative effect of tebuconazole, whereas when they approximate 1, they are indicative of higher resistance.
Results were developed statistically with the analysis of variance (ANOVA) at a significance level of P ≤ 0.05 using STATISTICA 13.1 software (2018). The η 2 coefficient was used to calculate the percentage of the observed variability for the counts of microorganisms and activities of soil enzymes. Homogeneous groups were determined using Tukey's test (HSD). The responses of microorganisms to tebuconazole were presented as a Ward dendrogram using cluster analysis (CA). In turn, the principal component analysis (PCA) of the activity of enzymes in the soil contaminated with tebuconazole was performed using a multidimensional exploratory technique.
Results and discussion
Microbiological properties of soil
Soil represents a suitable environment for living organisms, microorganisms in particular, which are responsible for various processes, including the circuit of nutrients or energy transfer. Hence, their presence is indispensable for ensuring and sustaining the proper functions of soil ecosystems (Swędrzyńska and Małecka-Jankowiak 2017) . However, these favorable conditions may be disturbed by, e.g., stress posed by the appearance of toxic substances which can be harmful to microorganisms (Nowak et al. 2013; Xu et al. 2018 ). According to Wang et al. (2012) , fungicides may trigger significant changes in the proliferation of microorganisms as well as in their structure and diversity. Adverse effects of fungicides on soil microbiome are usually reported after their application in doses several times higher from their optimal dose. The statistical analysis conducted in our study demonstrated that the type of the biostimulating substance had the strongest impact on soil microbiome structure (Fig. 1) . The effect of tebuconazole on microorganisms proliferation varied depending on its dose and retention time in the soil (Table 3) . On day 20 of the experiment, the organotrophic bacteria responded to soil treatment with tebuconazole in doses of 1.249 mg kg −1 and 2.499 mg kg −1 by a decrease in their population count. In turn, on days 40 and 60, tebuconazole administered to the soil in doses from 0.042 mg kg −1 to 2.499 mg kg . Figure 2 presents a dendrogram plotted with the Ward method to depict the response of microorganisms to soil contamination with tebuconazole. Two groups of microorganisms were distinguished whose responses to the applied doses of the fungicide were similar. The first group included fungi which were more susceptible to the effect of tebuconazole, whereas the second group was represented by organotrophs and actinobacteria, which proves their similar response to the tested preparation. The effect of tebuconazole on the growth of soil microorganisms was also depicted via the RCh index (Fig. 3) . Its mean values demonstrated that tebuconazole inhibited the proliferation of actinobacteria and fungi. Consequently, the decrease in actinobacteria count ranged from 5.71% (dose 1.249 mg kg (Garcίa-Gil et al. 2013; Mohiuddin and Mohammed 2013; Saha et al. 2016) claim that excess amounts of fungicides in the soil may negatively affect its microbiome by inhibiting microorganism growth. A fine example in this case is the study conducted by Guo et al. (2015) with azoxystrobin, which demonstrated decreased counts of bacteria, actinobacteria, and fungi after soil exposure to its doses of 1.0 and 10.0 mg kg −1
. Our previous study (Baćmaga et al. 2018 ) demonstrated stimulated proliferation of organotrophic bacteria and actinobacteria in the soil contaminated with chlorothalonil (doses from 0.166 to 16.60 mg kg
−1
). Then, Wu et al. (2015) reported the effect of fungicides on soil microorganism proliferation to be usually short lasting. This has been proved in their study which aimed to determine the effect of fluxapyroxad introduced to the soil in doses from 0.75 to 75 mg kg −1 on the biomass of microorganisms, soil respiration, and structure of bacterial populations. In turn, Ahemad and Khan (2012) investigated the effect of four fungicides (tebuconazole, hexaconazole, metalaxyl, and kitazin) on the growth and activity of Pseudomonas putida bacteria under in vitro conditions. Their optimal doses and their two to three times higher doses inhibited P. putida development.
Tebuconazole turned out to be the most toxic among them.
To neutralize the adverse effect of tebuconazole on soil microorganisms, the soil was remediated with the biostimulation method. The effect of biostimulating substances (compost and bird droppings) on its microbiological properties was analyzed based on the IF C/BD index (Table 4) , which indicates soil environment condition and changes occurring in it by the biostimulants (Kaczyńska et al. 2015) . Values of the IF C/BD index achieved in our study point to the varied effects of compost and bird droppings on soil fertility improvement. Bird droppings turned out to be an effective biostimulant of the growth of all soil microorganisms tested, and especially of fungi (Table 4) . Regardless of tebuconazole doses, the mean value of IF C/BD index was 1.772 for organotrophic bacteria, 1.152 for actinobacteria, and 3.032 for fungi. Bird droppings introduced to the soil contaminated with tebuconazole dose of 2.499 mg kg −1 had a positive impact on the growth of microorganisms by providing desired nutrients and by ensuring conditions which facilitated their growth and development (Hale and Fawy 2011) . In the soil supplemented with bird droppings and exposed to this dose of tebuconazole, the value of IF C/BD index reached 2.129 for Te-tebuconazole; Orgorganotrophic bacteria; Actactinobacteria; Fun-fungi. Homogenous groups denoted with letters (a-e) were calculated separately for each group of microorganisms organotrophic bacteria, 1.432 for actinobacteria, and 2.845 for fungi. The enhanced microorganism proliferation after soil supplementation with bird droppings may be due to a high content of organic matter in this biostimulant (98.27%), which stimulated their growth and development by providing desired nutrients. In addition, the organic matter could absorb tebuconazole from the soil and thereby minimize its adverse effect on microorganisms. In turn, compost was not that effective as bird droppings were. Its addition to the soil caused the IF C/BD value to decrease below 1 in the case of actinobacteria (mean value of IF C/BD = 0.683). Compost was also poorly effective in stimulating the growth of fungi (mean value of IF C/BD = 1.168) and had no significant effect upon organotrophic bacteria (mean value of IF C/BD = 0.920). Similar observations were made for the soil contaminated with tebuconazole dose of 2.499 mg kg −1 . Mean values of the IF C/BD index reached 1.054 for organotrophic bacteria, 0.890 for actinobacteria, and 1.385 for fungi. The effect of fertilizing substances on the microbiological properties of soil treated with chlorothalonil was evaluated in our previous study (Baćmaga et al. 2018) , which demonstrated positive effects of Lignohumat Super and Bioilsa N 12.5 preparations on the growth of organotrophs, actinobacteria, and fungi, with Bioilsa N 12.5 appearing more useful in increasing soil fertility.
Activity of soil enzymes
Next to microorganisms, soil enzymes are claimed to be biomarkers of the soil environment contaminated with toxic substances, including fungicides (Sanchez-Hernandez et al. 2017). However, soil enzymes response to the administered fungicides may vary from either enhancement or suppression of their activity (Riah et al. 2014) . Considering experimental factors analyzed in the present study, the type of the biostimulating substance had the strongest effect on activities of dehydrogenases and urease; the time point of analyses on the activities of acid phosphatase, alkaline phosphatase, β-glucosidase, and arylsulfatase; whereas the interaction of the biostimulating substance and time point of analysis-on the activity of catalase (Fig. 1) . The principal component analysis demonstrated that soil contamination with tebuconazole caused significant changes in its biochemical activity (Fig. 4) . The first principal component PCA1, which explained 47.72% of the total variability of data, represented activities of acid phosphatase, alkaline phosphatase, β-glucosidase, and arylsulfatase. The second principal component ). Alkaline phosphatase activity suppressed after soil contamination with tebuconazole dose of 0.125 mg kg −1 (activity suppression by 11.38%); however, the greatest changes were elicited by its 2.499 mg kg on the activity of such soil enzymes as dehydrogenases and nitrate reductase. In turn, Muñoz-Leoz et al. (2011) reported activity suppression of the four analyzed enzymes, i.e., arylsulfatase, β-glucosidase, alkaline phosphatase, and urease, after tebuconazole application in doses from 5 to 500 mg kg −1
. Sanchez-Hernandez et al. (2017) also demonstrated soil enzymes to be very sensitive to pesticides. They reported a strong inhibiting effect of chlorpiryfos (at doses of 4.8 and 24.0 kg ha −1 ) administered to soil belonging to Andisols on the activities of hydrolases (carboxyesterase, acid phosphatase, and β-glucosidase) and oxidoreductases (dehydrogenases and catalase). But still, the most sensitive turned out to be carboxyesterases whose activities decreased by 62% and 78%, respectively. Sułowicz and PiotrowskaSeget (2016) tested effects of tetraconazole used in a dose recommended by the producer and in 10 times higher dose on the hydrolyzing activity of fluorescein diacetate (FDA) in the soil of grasslands and orchards. They observed suppressed activity of FDA in the soil of grasslands after tetraconazole administration in a dose being 10 times higher than recommended. In the case of the soil from orchards that was treated with tetraconazole, its total microbiological activity remained unchanged as compared to the control soil.
The negative effects of fungicides on the biochemical properties of soil may be minimized via appropriate treatments which promote the growth and development of microorganisms. The biostimulation process is one of such treatments as it provides desired nutrients to microorganisms from compost (Strachel et al. 2017; Wyszkowska et al. 2013b) , manure (Wyszkowska et al. 2013b) , straw (Baćmaga et al. 2012; Wyszkowska et al. 2013b ), cellulose, tree bark (Boros et al. 2011; Wyszkowska et al. 2013b ), or keratin (Boros et al. 2011 ). In our study, soil amendment with the biostimulating substances had a significant effect on its biochemical properties (Table 5) . Mean values of the IF C/BD index demonstrated that bird droppings stimulated activities of dehydrogenases (IF C/BD = 1.611), catalase (IF C/BD = 1.148), alkaline phosphatase (IF C/BD = 2.149), and arylsulfatase (IF C/BD = 1.134), and that compost had the strongest stimulating effect on alkaline phosphatase (IF C/BD = 1.325). The biostimulating substances turned out ineffective in the case of urease, as IF C/BD value computed for this enzyme decreased significantly to 0.499 and 0.808 after soil supplementation with both compost and bird droppings, respectively. In the soil exposed to tebuconazole dose of 2.499 mg kg −1 , both compost and bird droppings enhanced activities of dehydrogenases, catalases, alkaline phosphatase, acid phosphatase, and arylsulfatase. The enhancement of the activity of some enzymes elicited by soil treatment with biostimulating substances may be due to their organic substances which serve a protective function against soil enzymes. They immobilize them, as a result of which the enzymes become more stable and more resistant to stress conditions in the soil environment (Banach-Szott et al. 2014) . Literature data concerning the effect of organic substances on the biochemical properties of pesticide-treated soil is scarce. When evaluating the effectiveness of organic substances (i.e., manure, slurry, vermicompost, mushroom compost) in enhancing activities of dehydrogenases in the soil contaminated with chlorpiryfos, Kadian et al. (2012) demonstrated that vermicompost and mushroom compost had the greatest potential in alleviating its adverse outcomes. Our previous study (Baćmaga et al. 2012) showed spring barley straw to be very effective in restoring the biochemical homeostasis of soil contaminated with carfentrazone herbicide. In turn, Oleszczuk et al. (2014) investigated the effect of biocarbon on the activity of soil enzymes in the soil material contaminated with dikamba and 2,4-D. The use of biocarbon contributed to a significant increase in the activities of dehydrogenases, protease, urease, and alkaline phosphatase. The computed values of the biochemical soil quality index (BA 21 ) confirm the adverse effect of tebuconazole administered in a dose of 2.499 mg kg −1 (Table 6) , which decreased BA 21 value by 17.85%, on average, compared to the control soil. The biostimulating substances used in the soil contaminated with tebuconazole dose of 2.499 mg kg −1 increased BA 21 value by 15.63% in the case of compost and by 61.27%, on average, in the case of bird droppings.
Spring barley yield
Tebuconazole caused changes also in the growth and development of spring barley (Fig. 6) . The decrease in spring barley yield caused by its application to the soil ranged from 6.40% (at fungicide dose of 0.042 mg kg − 1 ) to 17.93% , reported no significant changes in the growth and development of sorghum. Furthermore, Paul et al. (2011) demonstrated that the yield of maize grown on soil treated with azoxystrobin, piraclostrobin, propiconazole + trifloxystrobin, and propiconazole + azoxystrobin increased compared to that of maize from plots not exposed to these Date of analysis: 20 days, 40 days, 60 days. Homogenous groups denoted with letters (a-k) were calculated separately for each enzyme and for each type of biostimulating substance Te-tebuconazole; Deh-dehydrogenases; Cat-catalase; Ure-urease; Pac-acid phosphatase; Pal-alkaline phosphatase; Glu-β-glucosidase; Aryl-arylsulfatase, r-Pearson's correlation coefficient preparations. Also, Ijaz et al. (2015) in their study with Torpex, Folicur, Proline, Caramba, Otrivia, and Cantus preparations confirmed the fact that when fungicides are applied following producers' recommendations, they may increase the yield of crops, including winter rapeseed investigated in their study. In our experiment, compost and bird droppings turned out to be ineffective in improving spring barley yield. This could, most likely, be due to the lower amount of nitrogen released during degradation of organic matter in the soil amended with compost and bird droppings. This amount of nitrogen could be insufficient to cover nutritional needs of the plants, and this could contribute to disorders in spring barley yield. Both biostimulating substances not only did not alleviate the adverse effect of tebuconazole on spring barley growth and development but even aggravated its toxic effect. In our previous study (Baćmaga et al. 2018) , we also demonstrated that Lignohumat Super and Bioilsa N 12.5 preparations did not improve the health status of spring wheat in the soil contaminated with chlorothalonil. Values of the resistance index (RS) computed for spring barley in our study confirm the adverse effect of tebuconazole applied in a dose of 2.499 mg kg −1 (Fig. 7) . The addition of biostimulating substances to the soil treated with this dose of tebuconazole increased spring barley resistance to this fungicide, with a stronger positive effect observed for bird droppings than for compost. Chang et al. (2007) claimed that soil supplementation with organic fertilizers had the key impact on the improvement of the physicochemical properties of soil, which in turn resulted in plant growth stimulation and plant yield increase.
Tebuconazole degradation in the soil
Degradation of tebuconazole in the soil was determined by the dose of the active substance and by the type of the biostimulating substance (Fig. 8) . In the soil without the addition of biostimulating substances, degradation of tebuconazole , i.e., 52%, 69%, and 89%, respectively. In our study, the addition of compost to the soil treated with the contaminating dose of tebuconazole (2.499 mg kg −1 DM of soil) contributed to its degradation by 56.15%, whereas the addition of bird droppings-by 73.35%. In the case of 0.083 mg kg −1 dose, the active substance was degraded by 55.82% in the soil samples with both compost and bird droppings. Singh et al. (2010) demonstrated a high effectiveness of compost in degrading azoxystrobin. In turn, in our previous experiment (Baćmaga et al. 2018) , we evaluated the effectiveness of Bioilsa N 12.5 and Lignohumat Super preparations in chlorothalonil degradation and demonstrated its faster degradation in the soil with the addition of Bioilsa N 12.5 than in the control soil, while we did not show such a dependency for Lignohumat Super.
Conclusions
This study suggests that tebuconazole can affect the stability and health status of soil ecosystems by modifying their biological properties. The high susceptibility of soil microorganisms and enzymes to stress conditions allows considering them as reliable environmental bioindicators. The strive for eliminating the adverse effects of fungicides on soil microbiome through the use of appropriate remediation methods, like, e.g., biostimulation, seems to be of great ecological concern. Tebuconazole administered to the soil in doses of 0.042 mg kg −1 and 0.083 mg kg −1 had a stimulating effect on the proliferation of organotrophic bacteria, actinobacteria, and fungi. However, when used in a dose of 2.499 mg kg −1
, it became toxic to these microorganisms. The tested fungicide exerted a negative effect also on the biochemical properties of soil. When administered to the soil in a dose of 2.499 mg kg −1
, it strongly inhibited activities of all analyzed soil enzymes. In addition, tebuconazole had a negative impact on spring barley development, which was manifested in its reduced yield. Soil supplementation with compost and bird droppings elicited various effects on the condition of soil environment. 
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